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Abstract
Soil contamination of areas covered by industrial plants and farms is one of the major 
environmental problems whose weight is underestimated in Poland and Europe. Such regions 
are usually not as exposed to direct pollution as highly urbanized industrial areas. On the other 
hand, they are usually less strictly monitored than protected areas. The District of Olkusz, an 
example of such a region, is characterized by well-developed agriculture, regressing local indu-
stry and growing tourism industry. However, it borders with Silesia, a heavily industrized area. 
The study reports the condition of arable soils in Olkusz District in terms of their contami-
nation with lead, cadmium, zinc and copper. The atomic absorption spectrometry (AAS) method 
was used to determine the concentrations of the metallic elements. The parameters like pH, 
content of the clay fraction and content of organic matter have been also taken in consideration 
to assess the bioavailability of the metals.
The analytical results showed that, despite the decreasing impact of the local industry, 
levels of concentration of all the studied metals are significantly higher than their average con-
centration in Polish soils. Moreover, all the calculated Pearson correlation coefficients between 
concentrations of the metals were above 0.9, which means they correlate each other strongly. 
The impact of the local pollutants (mainly Bukowno smelter) in connection with the proximity 
of the Silesia and the high vulnerability for contamination of the soils precludes agricultural use 
of the ground in at least half of the cases. 
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introduction
One of the main environmental impacts of industry is the progressive 
change in the chemical composition of ecosystems located around emission 
sources. Continuous release of heavy metals from anthropogenic sources 
causes significant changes in the biogeochemical cycle of those elements. 
Toxic metals, including cadmium or lead, can easily penetrate the crops 
and be incorporated in the food chain. Their presence in living organisms 
causes widely described inhibition of important enzymes in the metabolite 
pathways, which leads to many metabolic diseases (Waalkes 2000, satarug 
et al. 2003, Choi et al 2012). In addition, the accumulation of heavy metals 
in plants causes their stress reaction, which entails noticeable changes in the 
chemical composition, mainly through the accumulation of amines – betaine, 
putrescine, etc. (Bergmann et al. 2001, solanki, Dhankhar 2011). However, 
also microelements like zinc and copper appearing in high amounts in a 
diet and compounded by their ability to accumulate can cause diseases like 
anaemia or damage to kidneys and the liver (haar, BayarD 1971, Das et al. 
1997, Bergmann et al. 2001). All the metals mentioned above are emitted to 
the environment mainly by industrial combustion processes (Cd, Pb) and by 
the mass use of pesticides and fertilizers – Zn, Cd, Cu (haar, BayarD 1971, 
kim, Fergusson 1994, Das et al. 1997).
The main objective of this study was to determine the content and its 
variability of heavy metals such as cadmium, lead, copper and zinc in soils 
lying in Olkusz District. The correlation between concentrations of particular 
metals was also taken into consideration. The above problems are crucial 
not only in the context of the well-developed regional agriculture, but also 
because of the significant economic transition in the region, which puts em-
phasis on the development of services, including tourism.
The District of Olkusz is situated in the south of Poland, in Małopolska 
Province. It is an example of an area occupied by industries and farming, and 
exposed to heavy metal contamination due to the activity of local industrial 
plants, of which the largest are the Bolesław Mining and Metallurgy Company 
and the Emalia Enamelware Factory. Another reason is the influx of toxic sub-
stances from industrial plants of the neighbouring Silesian conurbation (DuDka 
et al. 1995, Verner et al. 1996, ullriCh et al. 1999). In addition, the analyzed 
area is covered with an admittedly moderately developed road grid, which 
nonetheless carries heavy traffic. Despite these facts, the share of farmland 
in the district is approximately 46% of the total area (Bieńkowska et al. 2005, 
taraDejna et al. 2011). It is also worth mentioning that the soil of north-west-
ern districts of Małopolska (including Olkusz District), despite the region’s most 
severe potential exposure to contamination, is not monitored by the Regional 
Inspectorate for Environmental Protection in Kraków, and the last screening 
of chemistry of Polish arable soils was conducted in 2010 - 2012 by the Chief 
Inspectorate for Environmental Protection (Pająk 2008, sieBielec 2012). 
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material and methodS
In 2010-2013, determinations of zinc, lead, cadmium, copper in arable 
soils in selected areas of Olkusz District were conducted. The sampling sites 
were located within a 10-km radius from Olkusz (Figure 1). All the sites lay 
near national and local roads (5 to 10 m from the roadside).
All the samples were collected from arable land, which is not the subject 
of any form of nature protection. The samples were collected to the depth 
of 0.3 m below the land surface (topsoil). In every sampling site, up to 15 
subsamples were collected from a square of approximately 20 × 20 m in size, 
and aggregated to obtain a bulk sample, weighting up to 1 kg. The bulk soil 
samples were air-dried, crushed and sieved through a sieve with the mesh 
size of 2 mm. Afterwards, every primary sample was divided into four equal 
parts. Three quarters of each sample were discarded and the remaining 
quarter called a laboratory sample was used for analysis. Approximately 3 g 
of each sample weighed to the nearest 0.0001 g was mineralized in aqua 
regia according to ISO norm no. 11466:1995 (iso 1995). The resulting solu-
tion was assayed for the total content of heavy metals (Zn, Pb, Cd, Cu) with 
flame atomic absorption spectrometry according to ISO norm no. 11047:1998 
(iso 1988), using a Perkin Elmer apparatus AAnayst 300. Each sample 
was submitted to three determinations, and the average value as well as 
the relative standard deviation of each sample were calculated. In order to 
validate the method for accuracy and precision, certified reference material 
Fig. 1. Sampling sites (basic map data from ©2012 Google)
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(CRM044-50G TRACE METALS - SILT LOAM 1) was analysed in an analo-
gous manner for the corresponding elements. The recoveries were as follows: 
zinc – 84%, copper – 98%, lead – 102%, cadmium – 105%. 
In addition, some soil parameters were determinated as well: 
-  the pH was measured in 1 mol dm-3 potassium chloride solution, ac-
cording to ISO norm no. 10390:2005 (iso, 2005) using an Elmetron 
CP-401 pH meter device;
-  the clay fraction content was determinated by the Bouyoucos areomet-
ric method with the Casagrande and Proszynski modification (Ryżak et 
al. 2009); 
-  the organic matter content was estimated using 30% solution of hydro-
gen peroxide according to the EPA protocol (sChumaCher 2002).
reSultS and diScuSSion
The analyzed cultivated soils were classified as Luvisols according to the 
World Reference Base for Soil Resources classification (marCinek, komisarek 
2011). The pH of the tested soils showed they were from medium acidic to 
moderately alkaline (Table 1). The measurements of the grain-size compo-
sition showed that the content of clay fraction in most samples did not exceed 
10% (there were two exceptions: the sites Bolesław and Braciejowka, where 
the clay content was 14.2% and 13.6%, respectively). The content of organic 
matter was lower than 5% in all the samples. The analyses of the acidity, 
the clay fraction content and organic matter classified thirteen out of the 
fourteen analyzed samples as group A of soils (vulnerable to contamination), 
while one soil (No. 2 - Bolesław) belonged to group B (less vulnerable to con-
tamination), according to the division proposed by the Institute of Soil Science 
and Plant in Puławy – IUNG (kaBata-PenDias et al. 1995). The classification 
mentioned above enables one to assess the extent of soil contamination with 
heavy metals taking their bioavailability into account, as well as to calculate 
the comprehensive indicator (CI) of soil pollution similarly to the calculations 
performed in the report on the state of the environment in Małopolska (Pająk 
2008). The concentrations obtained for the metals are presented in Table 1. 
Different authors present slightly different values of the average content 
of heavy metals in Polish and European soils. The widely assumed average 
concentration of zinc in non-polluted soils is approximately 40 mg kg-1; for 
copper this value is about 6.5 mg kg-1 of dry mass (Wilson, maliszeWska-kor-
DyBaCh 2000). Other frequently cited authors (lis, PasieCzna 1995) estimate 
the content of lead and cadmium at 25 and 0.5 mg kg-1 of dry mass, respec-
tively. In every sample studied, those average values were exceeded by the 
determined content of zinc and lead. The same was true about cadmium in 
13 out of 14 samples and copper in 9 out of 14 samples.
357
However, there are also two standards in Poland describing concentra-
tion of heavy metals in soil:
 -  Regulation of the Ministry of Environment on standards for soil quality 
(żelichowski 2002),
 -  Classification proposed by the IUNG from Puławy (kaBata-PenDias et 
al. 1995).
The national limits for soil are established to be 4 mg kg-1 for Cd, 150 mg 
kg-1 for Cu, 100 mg kg-1 for Pb, and 300 mg kg-1 for Zn (żelichowski 2002). 
The highest excess of the ministry’s standards for lead and zinc was ob-
served in the north-western part of the region, near the mining and metal-
lurgy company. In the most contaminated sample no. 1, the zinc content was 
more than forty-fold higher than the standard, while lead and cadmium sur-
passed the set limits by more than four-fold. The standards for zinc and lead 
Table 1













Concentration (mg kg-1 d.m.)






Bukowno 7.1 12 740 ± 610 404 ± 15 32.4 ± 3.3 15.6 ± 0.8
2 Boleslaw 6.8 796 ± 42 152 ± 7 12 ± 3 3.58 ± 0.36
3 Olkusz 5.7 341 ± 21 142 ± 7 12 ± 1 2.79 ± 0.14
4 Klucze 4.9 134 ± 11 62.8 ± 4.2 8 ± 2 1.31 ± 0.07
5 E of the 
Olkusz
Rabsztyn 6.9 300 ± 20 152 ± 7 12 ± 3 2.21 ± 0.12
6 Braciejowka 5.0 149 ± 12 95.2 ± 5.2 10 ± 1 2.25 ± 0.12
7
SE of the 
Olkusz
Kosmołów 6.3 134 ± 11 97.1 ± 5.3 5.1 ± 1.5 0.65 ± 0.04
8 Sieniczno 7.5 110 ± 10 60.5 ± 4.1 5.6 ± 2.7 1.18 ± 0.07
9 Kogutek 6.1 70 ± 8 63.1 ± 4.2 5.1 ± 0.9 0.79 ± 0.05
10 Przeginia 5.3 66.6 ± 7.2 52 ± 4 5.8 ± 0.6 0.55 ± 0.03
11 Zederman 7.0 157 ± 12 82 ± 5 8 ± 3 1.70 ± 0.09
12 Zimnodól 6.8 96 ± 9 49 ± 4 12 ± 3 0.23 ± 0.05
13 Osiek 6.6 120 ± 10 53 ± 4 8 ± 2 0.56 ± 0.06
14 Witeradów 4.8 110 ± 10 73.3 ± 4.5 5.4 ± 0.7 1.11 ± 0.06
Median 134 82.47 8.1 1.31
Mean 1170 113 10 2.6
Minimum 66.6 49.25 5.05 0.23
Maximum 12 740 403.82 32.38 15.63
Standard deviation 3481.8 95.33 7.14 4.05
Number of samples exceeding the  
national limits (zeliChoWski 2002) 3-4 4-6 0 1
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concentrations were also exceeded in the soil samples from Bolesław, Olkusz 
and Rabsztyn. No excess of the copper concentration was observed, although 
the content of this metal in sample no.1 was a few times higher than in the 
other samples (Table 1). 
According to the the IUNG classification, the picture of soil contamina-
tion with heavy metals is slightly different. This classification categorises 
soils according to their suitability for farming. It takes into account three 
more parameters, apart from the concentration of particular metal, namely 
the pH of soil, the content of the clay fraction and the organic matter content 
in soil (kaBata-PenDias et al. 1995). 
The degrees of contamination (according to the IUNG) in terms of each 
of the metals studied and the comprehensive indicator (CI) of soil pollution 
are presented in Table 2. 
In the case of zinc and lead, in every sample the presence of these met-
als was beyond the natural degree of contamination ≥ °I (kaBata-PenDias et 
al. 1995). Moreover, in more than 85% (12 samples) in the case of zinc and 
over 57% (8 samples) in the case of lead, the contamination was so high that 
crop cultivation should be ruled out for at least some vegetables (degree of 
contamination ≥ °II ). Soil from Bukowno should be completely excluded from 
Table 2









et al.  
(1995)
Degree of contamination by the IUNG 
Zn Pb Cd Cu 
CI of soil pollution, 
including  
Cd + Cu + Pb + Zn 
based on  
Pająk (2008) 
1 Bukowno A V III V II V 
2 Boleslaw B III II III 0 III 
3 Olkusz A III III III 0 III 
4 Klucze A II I I 0 II 
5 Rabsztyn A II / III III III 0 / I III 
6 Braciejówka A II II / III III 0 III 
7 Kosmołów A II II / III I 0 II / III 
8 Sieniczno A II I II 0 II 
9 Kogutek A I I I 0 I 
10 Przeginia A I I I 0 I 
11 Zederman A II II II 0 II 
12 Zimnodół A I / II I 0 0 I / II 
13 Osiek A II I I 0 II 
14 Witeradów A II I / II II 0 II 
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agricultural production (°V of contamination). Similar conclusions refer to 
the cadmium concentration. Only in one sample the Cd content was natural 
(°0 of contamination). In 8 sampling points, the content of this metal was 
ranked in the second and higher degree of contamination. Again, sample no.1 
was unsuitable for any agricultural use. In the case of copper, the situation 
was different. In 12 of the 14 measuring points, the concentration of this el-
ement was harmless to agricultural production. In the remaining two cases, 
the content of copper is only slightly elevated. 
The calculated Pearson’s correlation coefficients between concentrations 
of particular metals ranged from 0.93 for Zn-Pb and Zn-Cu to 0.97 for Pb-Cd 
and 0.98 for Zn-Cd, depicting strong correlation between concentrations of 
the four metals, regardless of the concentration. The correlation between con-
centrations of the heavy metals and the amount of the clay fraction and pH 
of the soils turned proved insignificant in these cases (r ≈ 0.3 and r ≈ -0.25 
respectively). Due to the fact that all the samples turned out to be very poor 
in organic matter, the correlation between the organic matter and heavy 
metal content may have been affected by a large random error and cannot be 
considered as a reliable. 
One should stress difficulties in estimating the impact of the parent 
rock on the final concentration of the metals in the topsoil (stuCzynski et al. 
2003). However, there is some evidence of the dominant impact of pollution 
resulting from prolonged exposure of these soils to industrial emissions. 
First of all, the emitters of industrial and municipal combustion processes, 
which prevail in the emission of heavy metals in Poland, are situated mainly 
in the more populated southern part of the country (DuDka et al. 1995, sta-
szeWski et al. 2012, DęBski 2013). The spatial distribution of concentrations 
of the measured pollutants (higher in the west, lower in the southeast of the 
studied area – Table 1) suggests that quantities of heavy metals deposited 
in soil by local emitters (mainly from the Bukowno smelter in the Bolesław 
Mining and Metallurgy Company), in this case, are supplemented by the 
transboundary influx of contaminants with prevailing S-W and W winds 
(woś 2010). This observation is coherent with the studies of staszeWski et al. 
(2012) based on the condition of soils of Ojców National Park, which is ad-
jacent to the east of the studied area, or with the conclusions of Verner and 
co-authors (Verner et al. 1996), who claim that local stack emission plays the 
major role in soil pollution of an area adjacent to the west of Olkusz District. 
Moreover, studies of the soils in Silesia conducted in the 1990’s revealed an 
average two- to three-fold higher metal concentration in the topsoil than in 
the subsoil, supporting the hypothesis about a non-lithogenic source for the 
contamination (Verner et al. 1996, ullriCh et al. 1999). 
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concluSionS
The soils studied in this work can be classified as moderately and high-
ly polluted with heavy metals, especially with zinc, lead and cadmium. A 
slight decrease in the concentrations of Zn, Pb and Cd may be observed 
when comparing the current data with the historical results from the early 
1990s from the region around the village Bukowno (Verner et al. 1996). 
However, they still exceed most of the Polish standards. The heavy metal 
contamination is much more severe than in similar urban and rural regions 
in Europe, e.g. in Belgium (De temmerman et al. 2003), northern Serbia 
(ŠkRBić, ĐuRiŠić-MlaDenović 2013), northwest Croatia (sollitto et al. 2010) 
or even in central and western Poland (grzeBisz et al. 2002, WaroszeWski et 
al. 2009, jawoRska, DąBkowska-naskRęt 2012). The reported values of heavy 
metal concentrations are even higher than recorded in such urban areas 
as the Kraków agglomeration (Pająk 2008). As mentioned above, the worst 
pollution was observed in the western, more densely populated, part of the 
region and in the north of Olkusz. The high concentration of heavy metals in 
acidic soils (which make up more than half of the tested samples) is partic-
ularly dangerous because of the possible transformation of metals into ions, 
which are more easily assmilated by crops. This concerns mainly such mobile 
ions as Cd2+ and Zn2+. Our studies have shown that the strongest impact on 
soil pollution is still exerted by the local industries, although the impact of 
Silesia, a region lying on average about 30 kilometres west of the sampling 
points, on the soil contamination is noticeable due to prevailing western and 
southwestern winds in southern Poland. Statistically significant correlations 
between the concentrations of all the analyzed metals indicate the same or 
similarly located sources of pollution. In conclusion, each of these pollutants 
can be suggested as an indicator reflecting the present effect of industrial 
and non-industrial emission on the arable soil of the region. 
The study case of soils of Olkusz District, which is an example of both 
industrial and agricultural area, shows that such types of regions are as 
vulnerable to contamination as industrial and highly urbanized areas. The 
results also raise concerns because, despite the unquestionable persistent 
pollution, the analyzed region maintains well-developed agriculture, arbori-
culture and beekeeping. Therefore, continuous monitoring of this area includ-
ing the dissemination of information about the risk is required, especially 
as the region is gradually transforming from industrial economy to services, 
including tourism. 
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